Poor mental health status is more prevalent in women and may be related to poor hypertension outcomes and increased hospital inpatient visits. This study aims to find the association between mental health status and hypertension in women and the combined effect of mental health status and hypertension on hospital inpatient visits in women in the United States.
Original article
Hypertension is a major public health problem in the United States. It is the leading risk factor for chronic cardiovascular disease occurrence, ischemic heart diseases, and stroke. In addition, hypertension has significant economic implication. 1 Even though the prevalence of hypertension is similar for men and women, 2 the mortality rate associated with cardiovascular diseases is higher in women compared to men. 3, 4 Cardiovascular disease is still the major cause of death in women over the age of 65 years. 4 However, there were more studies examining hypertension and cardiovascular disorder in men than in women. [5] [6] [7] Mental health disorders are more prevalent in women and may affect cardiovascular outcomes. For example, lifetime major depression have been reported to be significantly greater in women (11.7%) than men (5.6%) in the United States. 8 According to the Global Burden of Disease Study 2010, mental health disorders contribute to a significant proportion of disease burden and are the leading cause of years lived with disability worldwide. 9 Mental health disorders increase risk for communicable and non-communicable diseases. 10 A systematic review of evidence from population-based research reported strong associations between depression and coronary heart disease from prospective studies. 11 Poor mental health status may be related to chronic stress in women 12 and chronic stress is a known risk factor for hypertension. 13, 14 Hypertension-related complications and comorbidities increase the probability of hospitalization, 15 and hospitalization costs associated with hypertension are substantial. 16, 17 Additionally, mental illness often co-occurs with somatic conditions and thus might increase the likelihood of hospitalization. 18 Hypertension coupled with mental health condition in women may increase the probability of hospitalization further; thereby may increase the medical costs significantly. A previous study examined the independent associations between mental illness and hospitalization and between hypertension and hospitalization. 19 However, the combined effect of mental health status and hypertension on hospital inpatient visits has not been well investigated. Understanding the combined effect will be beneficial in designing intervention to improve quality of life, morbidity, and mortality for the women. Therefore, the current study aims to investigate the association between mental health status and hypertension in women in the United States using a nationally representative survey. Additionally, the study will explore the combined effect of mental health status and hypertension on hospital inpatient visits in women in the United States.
METHODS

Study design and data source
Data from the household component (HC) of the 2014 Medical Expenditure Panel Surveys (MEPS) was analyzed. The MEPS-HC is conducted by the Agency for Healthcare Research and Quality (AHRQ). 20 The objective of the MEPS-HC is to provide nationally representative estimates of health care use, expenditures, sources of payment, and health insurance coverage for the US civilian noninstitutionalized population. In addition, the MEPS-HC provides estimates of respondents' health status, demographic and socioeconomic characteristics, employment, access to care, and satisfaction with health care. The MEPS-HC is a complex national probability survey. The MEPS sample includes an oversample of Blacks, Hispanics, Asians, and persons with a predicted low income. More detailed information on the methodology are available elsewhere. 20 
Study population
The MEPS sample for 2014 included 34,875 US persons. The current study included only females who were 18 years or older (N = 9,137) for analysis ( Figure 1 ). The analysis was restricted to female 18 years or older because the questions about high blood pressure was only asked if the respondent was 18 years or older.
Outcome variables
The outcome variables examined in this study were hypertension and hospital inpatient visits. Hypertension was defined based on the following question in the survey: "Has the person ever been told by a health professional that the person has hypertension (except during pregnancy)" (yes = 1, no = 0). Self-report of hypertension usually have high sensitivity and good overall accuracy and therefore, should be considered valid. 21 Hospital inpatient visits was based on the data for hospital discharges for each sample person. Data for hospital discharges were collected from the respondents at the event level and summed to produce the annual utilization data for 2014. A binary variable was created for hospital inpatient visits (yes/no) for the current study based on the total number of hospital discharges for each sample person in the dataset (≥1 discharge = yes, 0 discharge = no). The self-report of hospital inpatient visit should be considered valid because of relatively short reference periods (3-4 months) for each round of the survey used for MEPS data collection. 21 Furthermore, self-reported hospital inpatient visits has been validated in other studies. 22, 23 
Exposure variables
The main exposure variable, mental health status, was defined based on the mental health status measure, Kessler (K6) scale, available in the MEPS dataset. The Kessler (K6) score is a summary measure of overall rating of feeling by the respondent in past 30 days. The score was pre-calculated in the dataset based on the respondents' answers to 6 mental health-related questions assessing nonspecific psychological distress of that person. 20 The higher the score, the greater the person's tendency towards mental disability. The main independent variable, poor mental health status, was constructed as a binary variable based on the Kessler score (yes = 1, if ≥5; no = 0, if 0-4). An optimal lower threshold cut point was indicative of moderate mental distress. The item nonresponse rate for this variable was only 1.16%. Kessler (K6) scale is a widely used validated measure of nonspecific psychological distresses. 20 The optimal lower threshold cut point used in the current study to indicate moderate mental distress has been validated in other studies. 24 
Potential confounders
Potential confounders considered in this analysis included age (18-24, 25-44, 45-64, 65+ years), race/ethnicity (nonHispanic White, non-Hispanic Black, Hispanic, others), marital status (married, never married, widowed/divorced/ separated), education (less than high school graduate, high school graduate, less than bachelor's degree, college graduate or greater), insurance status (private health insurance, public health insurance, uninsured), and body mass index (BMI; underweight = BMI <18.5; normal weight = BMI ≥18.5 and <25.0; overweight = BMI ≥25.0 and <30.0; obesity = BMI ≥30.0). The age at diagnosis of high blood pressure (continuous in years) and current smoking status (smoker/ non-smoker) were also examined. History of coronary heart disease (yes, no), high cholesterol (yes, no), and diabetes (yes = 1, no = 0) were also considered as potential control variables. These comorbidities were identified at personlevel based on questions that asked if the person had ever been diagnosed by a health care professional as having these conditions. These measures, therefore, should be considered valid.
Statistical analysis
Data analyses were conducted using survey procedures in SAS 9.4 (SAS Institute, Cary, NC) utilizing appropriate analysis weights to account for the complex survey design and to produce estimates that are nationally representative of the adult female population. Descriptive analysis was conducted to examine the distribution of overall study population and by hypertension and hospital inpatient visits. The association between mental health status and hypertension in women was determined using logistic regression analysis, which generated crude odds ratios (CORs) and adjusted odds ratios (AORs) and corresponding 95% confidence intervals (CIs). The association between mental health status and hospital inpatient visits was also determined using logistic regression analysis. To assess the combined effect of mental status and hypertension in women on hospital inpatient visits, a combined effect variable with 4 categories was created (hypertension and poor mental health, hypertension but no poor mental health, no hypertension but poor mental health, and no hypertension and no poor mental health). The combined effect of mental status and hypertension in women on hospital inpatient visits was determined using logistic regression analysis. Possible effect modifiers were assessed using interaction terms between the main exposure and the covariates. No covariates were identified as potential effect modifiers. Parsimonious logistic models were created using the 10% change-in-estimates procedure to identify and control for the confounders. Bonferroni correction method for multiple comparison tests was performed and overall adjusted level of significance for all tests was set to P <0.01. The study was exempt from Institutional Review Board (IRB) approval as secondary data were utilized for analyses and the study did not require access to any existing identifiable private information.
RESULTS
Overall, nearly 35% of women reported being diagnosed with hypertension, 20% reported poor mental health, and 6% had hospital inpatient visits (Table 1) . Table 1 displays the summary characteristics of the study population. The majority of the women was 45 years or older (52.2%), nonHispanic White (64.5%), married (54.1%), had education higher than high school (57.8%), and had private insurance (69.0%). Furthermore, majority of the respondent women were overweight or obese (70.3%), nonsmokers (82.6%), had normal or low cholesterol (67%), and did not have coronary heart disease (93.4%) or diabetes (90.1%). There was a statistically significant association between age, race, marital status, educational status, insurance, BMI, coronary heart disease, high cholesterol, diabetes, perceived mental health status, and inpatient visits and hypertension in women. Inpatient visit was prevalent among women age 65 years or older, divorced/separated/widowed, and with public insurance, poor mental health status, coronary artery disease, high cholesterol, and diabetes. There was a statistically significant association between age, race, marital status, insurance status, coronary heart disease, high cholesterol, diabetes, and perceived mental health status, and inpatient visit in women.
The prevalence of hypertension was higher among women with poor mental health status (44.8%, 95% CI = 42.0%, 47.7%) compared to those with good or excellent mental health status (33.7%, 95% CI = 32.1%, 35.4%). Similarly, the rate of hospital inpatient visits was higher among women with poor mental health status (11.3%, 95% CI = 9.3%, 13.3%) compared to those who reported good or excellent mental health status (4.6%, 95% CI = 4.0%, 5.3%; Table 1 ).
The unadjusted analysis showed that the odds of hypertension was 60% higher among women with poor mental health status compared to women with good or excellent mental health status (COR = 1.60, 95% CI = 1.38, 1.84; Table 2 ). Furthermore, women with poor mental health status were 2.62 times as likely to have inpatient visits as women with good or excellent mental health status (COR = 2.62, 95% CI = 2.03, 3.39). After adjusting for age, race/ethnicity, marital status, insurance status, congestive heart disease, cholesterol, and diabetes, the odds of hypertension was 39% higher for women with poor mental health status (AOR = 1.39, 95% Table 3 reports the unadjusted ORs and AORs of combined mental health status and hypertension, and hospital inpatient visits. In the unadjusted analysis, compared to women with no hypertension coupled with good or excellent mental health, women with hypertension and poor mental health were 7.64 times as likely (COR = 7.64, 95% CI = 5.38, 10.85), women with hypertension but good or excellent mental health were 3.75 times as likely (COR = 3.75, 95% CI = 2.73, 5.13), and women with no hypertension but poor mental health were 3.01 times as likely (COR = 3.01, 95% CI = 1.98, 4.58) to have hospital inpatient visits. After controlling for age, race/ethnicity, marital status, insurance, congestive heart disease, cholesterol, and diabetes, women who reported having hypertension coupled with poor mental health had 203% higher odds (AOR = 3.03, 95% CI = 1.96, 4.69), women with hypertension but good or excellent mental health had 58% higher odds (AOR = 1.58, 95% CI = 1.10, 2.27), and women with no hypertension but poor mental health had 197% higher odds (AOR = 2.97, 95% CI = 1.96, 4.48) of having hospital inpatient visits compared to women with good or excellent mental health and no hypertension.
DISCUSSION
This study revealed that poor mental health status was independently associated with both hypertension and increased hospital inpatient visits in women. Additionally, the study showed that the odds of hospital inpatient visits was significantly higher among women who reported poor mental health status coupled with hypertension when compared to women with good or excellent mental health status without hypertension.
To the authors' knowledge, there were no studies that examined the association between mental health status and hypertension in women. However, the observed relationships between mental health status and hypertension could be explained by chronic stress being a potential mediator on the causal pathway between mental health status and hypertension. Prior studies have reported significant association between poor mental health status and chronic stress in women. 12, 25 Previous studies have also implicated that chronic stress is associated with poor lifestyle behaviors, such as drinking alcohol, smoking, and consuming high fat and high sugar food. 26, 27 These negative health behaviors may be an indicators of poor mental health status among individuals, 28, 29 that are also known risk factors for hypertension. Previous studies have revealed higher prevalence of hypertension among individuals with chronic stress. 13, 14 Research has shown that chronic stress is associated with reduced participation in positive health behaviors, such as maintaining a healthy diet and engaging in regular physical activity. 30 Chronic stress has been demonstrated to increase susceptibility to disease through changes in endocrine functioning in women. 31 Additionally, a growing body of literature suggests that certain psychosocial factors, such as depression, anxiety disorders, anger suppression, and stress are associated with relationships or family responsibilities (e.g., stress associated with responsibilities at home or multiple roles), which may contribute to the pathogenesis of cardiovascular disease in women. [32] [33] [34] Data from the Women's Ischemia Syndrome Evaluation (WISE) suggests that stress-induced disruptions in ovulatory cycling may be associated with cardiovascular diseases in premenopausal women. 35 To the authors' knowledge, no previous studies were found that examined the combined effect of mental health status and hypertension on hospital inpatient visits. However, the observed association between hypertension coupled with poor mental health and hospital inpatient visits in the current study can be compared to previous studies that found independent associations between mental illness and hospitalization and between hypertension and hospitalization. 18, 19, 36 Merrill and Elixhauser reported that mental illnesses, especially depression and substance abuse, are among the top 10 conditions for hospitalization in the United States across all age groups. The same study reported that hypertension was the most common comorbid condition associated with hospitalization seen in about 30% of all hospital records. Hypertension could be an important predictor or correlate of poor mental health status in women and therefore, can play a major role in early detection of and intervention for women with mental health disorders. Early detection of and intervention for mental health disorders will substantially reduce the mental health-related morbidities and hospitalization, and thereby will substantially reduce the associated health care cost and other adverse impacts on patients and their families. Furthermore, poor mental health status in combination with hypertension could be a strong predictor of hospital inpatient visits in women and therefore, can play a major role in early detection of women who are at risk for hospital inpatient visit. Also, hospital inpatient women with hypertension as comorbidity should be particularly screened for mental health status and managed accordingly to prevent further detrimental physical and financial consequences.
This study has several strengths. The current analysis was performed using a nationally representative sample of the US civilian noninstitutionalized women which allows for inference to the general US women population. The measures used for independent and dependent variables in the current study were valid and reliable. [20] [21] [22] [23] [24] The relatively short reference period (3-4 months) for each round of the survey used for MEPS data collection 24 might have reduced the potential for recall biases. 27 Despite its strengths, this study is not without limitations. First, MEPS-HC is a cross-sectional survey and therefore, causal inferences cannot be made. Second, the Kessler (K6) scale that was used to assess mental health status of the respondent used overall rating of feelings of the respondent during the past 30 days only; therefore, the temporality of the association between mental health status and hypertension cannot be inferred. Third, the analysis for the study is limited to data from a single year, and a longitudinal study would be preferable to examine the directionality of the association between mental health status and hypertension and to assess the combined effect of mental health status and hypertension on hospital inpatient visits. Fourth, the MEPS-HC is a household survey based on self-report and has the potential for recall bias. 37 However, recall bias is significantly influenced by the time between an event and its assessment 37 and the relatively short reference period for each round of the survey used for MEPS data collection should reduce the potential for recall bias in the current study. Fifth, all data in our study were collected through face-to-face interviews and research suggests that participants are likely to underreport sensitive experiences, such as mental health status, during face-toface interviews. Sixth, the current study evaluates hospital inpatient visits and does not capture hypertension cases treated in the emergency departments, and then discharged. We suggest future study to evaluate the relationship between hypertension, mental health, and urgent care/emergency room visits in women population. Finally, uncontrolled confounding factors, such as antihypertension treatment, physical activities, and dieting, which were not available in the dataset, might have affected the results. Specifically in regard to antihypertension treatment-the type of treatment, degree of blood pressure control, and adherence to the treatment are tightly connected to a poor mental status, either as a cause or as a consequence. [38] [39] [40] Inability to adjust for these conditions might have caused overestimation or underestimation of the true association between mental health status and hypertension in the current study.
This study provides insight into the relationship between mental health status, hypertension, and hospital inpatient visits in women in the United States. Findings from this study suggest that poor mental health status was associated with hypertension in women. Further, it suggests that poor mental health status coupled with hypertension may lead to increased hospital inpatient visits and thereby may increase the associated medical costs for individuals and the nation. Future research with longitudinal data is necessary to understand the temporality in these associations and to infer causality.
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